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Detailed analyses of asphal tene  and preasphal tene samples have been previously 
ca r r i ed  o u t  (1). 
ace ty la t ion  followed by gel permeation chromatography and determination of the  hydroxyl 
conten t ,  t h e  base conten t ,  t he  molecular weight, and nmr parameters f o r  each f rac t ion .  
This study resu l ted  in model s t r u c t u r e s  f o r  asphaltene and preasphaltene f r ac t ions  which 
were q u i t e  s imi la r  except f o r  molecular weight and neutral  oxygen content.  An example 
of t he  type of s t ruc tu res  pos tu la ted  i s  shown below: 

These mater ia l s  were so lub i l i zed  by quan t i t a t ive  radioactive 

I 

The major func t iona l i ty  of oxygen deduced f o r  these  models was phenolic hydroxyl and 
ary l  e t h e r  groups. 
and preasphaltenes but hydroxyl conten ts  were s imi l a r .  Nearly a l l  o ther  s t ruc tura l  
parameters only changed s l i g h t l y  o r  not a t  a l l  on  comparing the  f r a c t i o n s  of d i f f e ren t  
molecular weight within a preasphalt.ene or  asphaltene sample. These same parameters 
were a l s o  qui te  s imi la r  when comparing the  asphaltene with the preasphaltene sample. 
Since e the r  func t iona l i t y  had a major ro l e  in d is t inguish ing  between asphaltenes and 
preasphaltenes,  an inves t iga t ion  of d i r e c t  methods f o r  quan t i t a t ive  e the r  determination 
was i n i t i a t e d .  

Investigation of t he  e t h e r  conten t  of coals and coal-derived mater ia l s  has been 
generally approached by a d i f f e r e n t i a l  determination of unreactive oxygen. Sporadic 
determination of e the r  conten ts  by d i r e c t  cleavage have been reported (2 ,3)  but only 
recent ly  have se l ec t ive  cleavage reac t ions  been applied ( 4 ) .  Very l i t t l e  systematic 
work on e ther  cleavage in coal ma te r i a l s  o r  on  coal model compounds has been pursued. 
Our i n t e r e s t  i n  asphaltenes and preasphaltenes led t o  an examination of e t h e r  cleavage 
techniques su i t ab le  f o r  s e l e c t i v e  cleavage of e the r s  in these  mater ia l s  with the  
objec t ive  of t h e i r  quan t i t a t ive  determinGtion. 
reductive cleavage of a ry l a ry l  e the r s .  

S ign i f i can t ly  the  amount of e t h e r  oxygen varied between asphaltenes 

The focus of t h i s  repor t  i s  the  

DISCUSSION -~ 
Sodium in  l i qu id  ammonia has  been known t o  cleave diary1 e the r s  f o r  some time ( 5 ) .  

The low so lub i l i t y  o f  coal ma te r i a l s  in l i qu id  ammonia and a des i r e  t o  car ry  o u t  
reac t ions  a t  higher temperatures h a s  l ed  t o  a study of e t h e r  cleavage with sodium and 
potassium u s i n g  hexamethylphosphoric tr iamide (HMPA) as  e lec t ron  t r a n s f e r  agent in 
tetrahydrofuran (THF) o r  1,2-dimethoxyethane ( D M E )  a s  so lvent  ( 6 ) .  The r e s u l t s  of 
t r e a t i n g  1 mole of model ether w i t h  2 t o  8 g-atom of sodium and 2 t o  8 moles of HMPA a re  
shown i n  Table 1. 
more sens i t i ve  e the r s  (e .g . ,  benzylphenyl and dibenzyl e t h e r s )  quan t i t a t ive ly .  
Dibenzofuran ( D F ) ,  however, was e s s e n t i a l l y  untouched by these  conditions ( less  than 10% 
cleavage. Refluxing caused an increase  in cleavage but only t o  50-60% y ie lds  of 
cleavage products. 

Room temperature runs were found t o  cleave diphenyl e the r  and other 

The problem was traced t o  the i n s t a b i l i t y  of t he  HMPA solvated 
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e l e c t r o n  system. 
HMPA was rep len i shed  p e r i o d i c a l l y  a t  4-6 h r  i n t e r v a l s .  Under these  c o n d i t i o n s ,  DF cou ld  
be c leaved  q u a n t i t a t i v e l y  w i t h  one supplementary a d d i t i o n  o f  HMPA ( a f t e r  4 h r )  i n  6-8 h r  
i n  r e f l u x i n g  THF. 

t h e  sequen t ia l  HMPA a d d i t i o n .  
t o  q u a n t i t a t i v e  l o s s  o f  s t a r t i n g  m a t e r i a l  and 91% o-benzylphenol formed a long  w i t h  
seve ra l  m ino r  u n i d e n t i f i e d  products .  

As p a r t  o f  o u r  a t tempt  t o  c leave  a l l  t h e  e t h e r s  i n  asphal tenes and preasphal tenes 
( f rom 0 t o  50% e t h e r  oxygen remained a f t e r  sodium/HMPA/THF r e f l u x  c o n d i t i o n s  i n  some 
p r e l i m i n a r y  r e s u l t s )  we began a survey o f  l i k e l y  e t h e r  s t r u c t u r a l  t ypes  p resen t  i n  these 
m a t e r i a l s  which m igh t  p reven t  complete e t h e r  cleavage. Two s t r u c t u r a l  t ypes  come t o  
mind which m igh t  be r e s i s t a n t  t o  r e d u c t i v e  cleavage: a)  p o l y c y c l i c  a r y l  e t h e r s  b )  
a n i o n i c  e the rs .  

a )  P o l y c y c l i c  e t h e r s  

I f  t h e  r e d u c t i o n  p o t e n t i a l  i s  c r i t i c a l  i n  de te rm in ing  whether  an e t h e r  c leaves o r  
n o t ,  p o l y c y c l i c  e t h e r s  which have lower  r e d u c t i o n  p o t e n t i a l s  may n o t  c leave.  
t h i s  p c s s i b i l  i t y  seve ra l  phenoxy1 p o l y c y c l i c  compounds were prepared and t r e a t e d  under  
e t h e r  c leavage c o n d i t i o n s .  The p o l y c y c l i c  phenyl  e t h e r s  wh ich  have been examined t h u s  
f a r  a r e  l i s t e d  i n  Table 1. S i g n i f i c a n t l y  each o f  these e t h e r s  under  t h e  m i l d e s t  
c o n d i t i o n s  (1, f o o t n o t e  a, Table 1) c leaved  e s s e n t i a l l y  q u a n t i t a t i v e l y  as j udged  by the 
amount o f  phenol produced. T h i s  f a c t  i s  c r i t i c a l  s i n c e  d e t e r m i n a t i o n  o f  t h e  i nc rease  i n  
hyd roxy l  con ten t  i s  used t o  judge t h e  e x t e n t  o f  c leavage i n  coa l  m a t e r i a l s .  Two 
fac to rs ,  however, e n t e r  i n t o  t h e  a n a l y s i s  which a r e  d e t r i m e n t a l  t o  f u r t h e r  examinat ion 
of t h e  c leaved samples. 
i s  s i g n i f i c a n t  f o r  coa l  m a t e r i a l s  as measured by t h e  s h i f t  f r om a romat i c  t o  a l i p h a t i c  
p ro tons  i n  t h e  H nmr spectrum. E i t h e r  t h e  c o a l  m a t e r i a l s  themselves (phenol ? )  o r  HMPA 
a c t  as t h e  p r o t o n  source. 
where v a r i o u s  reduced spec ies  a r e  produced. 
o l  i g o m e r i z a t i o n  o r  p o l y m e r i z a t i o n  occurs w i t h  t h e  p o l y c y c l i c  p o r t i o n  o f  t h e  c leaved 
model e the rs .  
Separate B i r c h  r e d u c t i o n  o f  t h e  p o l y c y c l i c  (naphthalene,  anthracene and pyrene)  under 
e t h e r  cleavage c o n d i t i o n s  has i n  genera l  produced known p r o d u c t s  w i t h  none o f  t h e  h i g h e r  
mo lecu la r  we igh t  m a t e r i a l  seen f rom e t h e r  cleavage. The p r e l i m i n a r y  e t h e r  cleavage 
r e s u l t s ,  however, i m p l i c a t e d  t h e  p r imary  c leavage products ,  t h e  p o l y c y c l i c  a romat i c  
hydrocarbons, as t h e  p r e c u r s o r s  o f  t h e  o l i g o m e r i c  products .  
observed p r e v i o u s l y  from coa l  m a t e r i a l  r e d u c t i o n s  u s i n g  sodium and naphthalene as t h e  
e l e c t r o n  t r a n s f e r  agent  (81. A l though a pu re  sample has n o t  been o b t a i n e d  yet, one 

d i T e r  formed from 1-phenoxynaphthalene has been p r e l i m i n a r i l y  i d e n t i f i e d  as I 1  f':%%, H nmr and ms of t h i s  crude sample. S ince these  m a t e r i a l s  a r e  n o t  s t a b l e  t o  
r e a c t i o n  c o n d i t i o n s ,  t h e  e x a c t  chemis t r y  o f  t h i s  aspect  o f  t h e  c leavage has n o t  as y e t  
been worked ou t .  
Tab le  1. 
r a t h e r  than  decrease, t h e  m o l e c u l a r  we igh t  of c o a l  samples d u r i n g  r e d u c t i v e  e t h e r  
cleavage r e a c t i o n s .  

b )  A n i o n i c  e t h e r s  

Xanthene was found d i f f i c u l t  t o  c l e a v e  w i t h  sodium ( c f .  Table 1). 
view o f  t h e  r e d  c o l o r  developed d u r i n g  t h e  r e a c t i o n  t h i s  r e s i s t a n c e  t o  
c leavage c o u l d  have been due t o  f o r m a t i o n  o f  t h e  b r i d g e d  an ion  111. 
h i g h e r  reduc ing  power of potass ium c o u l d  have a l l owed  fo rma t ion  and c leavage 
o f  t h e  d i a n i o n  a l though  o t h e r  mechanisms a r e  p o s s i b l e .  

S ince sodium i n  HMPA has a h a l f  l i f e  o f  o n l y  s e v e r a l  hours ( 7 ) ,  t h e  

Xanthene, however, was c leaved  t o  a maximum o f  69% even a t  r e f l u x  i n  THF u t i l i z i n g  
S u b s t i t u t i o n  o f  potass ium f o r  sodium and DME f o r  THF l e d  

To t e s t  

B i r c h  r e d u c t i o n ,  even i n  t h e  absence o f  an added p r o t o n  donor, 

T h i s  r e s u l t  i s  m i r r o r e d  i n  t h e  model compounds o f  Tab le  1 
Secondly, a c u r i o u s  r e d u c t i v e  

Mass r e c o v e r i e s  a r e  g e n e r a l l y  low f o r  t h i s  p o r t i o n  o f  t h e  e t h e r .  

S i m i l a r  products  have been 

O l igomer i c  m a t e r i a l s  a r e  observed f o r  a l l  t h e  p o l y c y c l i c  e t h e r s  i n  
These r e s u l t s  p o i n t  t o  t h e  p o s s i b i l i t y  t h a t  o l i g o m e r i i a t i o n  may increase,  

I n  

The 
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I gnas iak  has found t h a t  p-phenoxyphenol cannot  be c leaved  w i t h  sodium i n  l i q u i d  
ammonia (4 ) ;  cleavage does r e s u l t  a f t e r  a l k y l a t i o n  of  t h e  p h e n o l i c  group, however. 
v iew o f  t h e  h i g h  oxygen c o n t e n t  o f  ou r  model s t r u c t u r e  I ,  anions o f  t h i s  t y p e  cou ld  ve ry  
w e l l  be generated i r i  t h e  coa l  m a t e r i a l s .  We a r e  c u r r e n t l y  t e s t i n g  t h i s  concept t o  
complete t h e  e t h e r  c leavage of asphal tenes and preasphal tenes.  

I n  

I CONCLUSION 

P r e l i m i n a r y  da ta  f o r  t h e  r e d u c t i v e  c leavage o f  v a r i o u s  types o f  a r y l a r y l  e the rs  
i n d i c a t e s  t h e  p o s s i b i l i t y  o f  d i r e c t l y  measur ing t h e  amount o f  d i f f e r e n t  a r y l  e t h e r  types 
i n  coa l  d e r i v e d  m a t e r i a l s .  Reduct ive o l i g o m e r i z a t i o n ,  B i r c h  r e d u c t i o n  and an incomplete 
knowledge o f  e t h e r  t ypes  p r e s e n t  i n  coa l  m a t e r i a l s  reniain problems. 
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Tab le  1 Cleavage o f  P o l y c y c l i c p h e n y l  E the rs  w i t h  Sodium and HMPA 

E t h e r  Condi t i o n s a  --____ 

Diphenyl  e t h e r  1 
D i  benzofuran 1 

2 
Xanthene 2 

3 
1-Phenoxynaphthalene 1 

9-Phenoxyphenanthrene 1 

9-Phenoxyanthracene 1 

1-Phenoxypyrene 1 

Phenol Y i e l d  Others ( %  Y i e l d ) c  - 
100% benzene ( l o o ) ,  SM ( 0 )  
-- o-phenyl phenol ( l o ) ,  SM (89 )  
-- o-phenylphenol (100)  
-- o-benzy l  phenol (69 ) ,  SM (30 )  
-- o-benzy lphenol  (91) ,  SFi ( 0 )  
97 naphthalene ( 2 ) ,  1,Z-dihydro- 

93 phenanthrene ( t r )  , 9-10- 

90d anthracene ( 7 ) ,  9 , lO-d ihydro-  

naphthalene ( .7 ) ,  t e t r a l i r .  

d i  hydrophenanthrene (tr) , SF: 
( t r ) ,  o t h e r s  

anthracene (52 ) ,  anthrone ( 2 ) ,  
o t h e r s ,  SM ( 0 )  
pyrene ( l o o ) ,  SM ( 2 ) ,  o t h e r s  

(341, st-l ( 3 )  

102 

aCondi t ions:  1) 1:7:2 mo la r  r a t i o  ether:sodium:HMPA (excep t  d ipheny l  e t h e r  and 
9-phenoxypyrene where 1:2:2 was used) i n  THF a t  room temperature f o r  24 h r .  
A l l  m a t e r i a l s  were r i g c r o u s l y  d r i e d .  
used w i t h  HNPA be ing  added i n  2-4 p o r t i o n s  ove r  24 h r  a t  r e f l u x  ( t h e  r e a c t i o n  
was complete i r .  8 h r ) .  3 )  Sanie as 2 except  potass ium meta l  and DME were used 
i n s t e a d  o f  sodium and THF. 

2 )  Same except  a 1:7:7 molar  r a t i o  was 

bTliese va lues were determined by HPLC u s i n g  a d i r e c t  c a l i b r a t i o n  method and 
showed p r e c i s i o n  o f  +_ 5% w i t h  a Waters C-18 Bondapak column and v a r i o u s  
aqueous a c e t o n i t r i l e  concen t ra t i ons  as s o l v e n t .  

s t a r t i n g  m a t e r i a l ;  tr = t r a c e .  
‘These m a t e r i a l s  were i d e n t i f i e d  by comparison t o  known samples. 

d p r e l i m i n a r y  a n a l y s i s .  

SM = 
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